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This study aims a comprehensive investigation into the synthesis and optical characterization of ZnO-TA
nanostructures prepared via a low-temperature hydrothermal green method under controlled pH conditions.
The influence of synthesis temperature was systematically examined, showing clear effects on morphology,
crystallinity, and optical behavior. Structural analysis confirmed nanorods with diameters below 100 nm, while
temperature variation governed aggregation and aspect ratio differences due to rapid nucleation, elevated
surface energy, and incomplete crystallization. Optical and photoluminescence studies revealed that
intermediate synthesis conditions produced superior transparency, favorable band gap characteristics, and
balanced defect emission compared to extreme temperatures. Collectively, these results identify 70°C as the
optimum synthesis temperature with nearly excellence transparency transparency, as evidenced by
transmittance reaching 79% , combined with a favorable direct band gap offering ZnO-TA nanostructures with
enhanced optical performance and positioning them as promising candidates for optoelectronic applications
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such as photodetectors and light-emitting device.
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1. INTRODUCTION

Zinc Oxide (ZnO) has emerged as one of the most
versatile inorganic semiconductors, capturing attention
across disciplines as technology advances. The unique and
tunable properties of nanostructured ZnO show excellent
stability in  chemically and thermally stable
semiconductor materials with wide applications such as in
luminescent material, supercapacitors, batteries, solar
cells, photocatalysis, biosensors, biomedical and biological
applications in the form of bulk crystal, thin film and
pellets [1-3]. The excellent optical properties such as such
as a high refractive index, strong light absorption, high
quantum efficiency, and excellent luminescence efficiency
drawing attention for this material as well [4-7]. The
strong exciton binding energy of ZnO nanostructures
allows them to be used as efficient light-emitting
materials with a wide range of colors make them suitable
for various optoelectronic applications [4, 8]

Zn0O nanostructure have been explore with various
synthesising methods including sol-gel, hydrothermal,
wet-chemical and green synthesis techniques [9, 10]. The
selection of the synthesising method would not only
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influence don the performance of the metal oxide
nanostructure but also effecting on the environmental
benefits. Currently, the emerging of green synthesising
method have also drawing attention especially due
avoidance of toxicity, cost-effective, reproducible and
much more straightforward [11]. These methods were
introduced to prevent the composition of unwanted or
harmful by-products through the build-up of reliable,
sustainable, and eco-friendly synthesis procedures by
using plant extracts as capping agent [12]. In this
research, Tannic Acid (TA) is the capping agent that is
centrally focused due to its effective ability to form strong
electrostatic interactions with the surface of the
nanostructure helping to stabilize the nanostructure and
increases the potential to synthesise a nanostructure with
a small size distribution [13-17].

ZnO-TA nanostructures previously have been studied
for their potential application in various areas due to their
unique optical and electrical properties. From the finding
of previous research, the bandgap of ZnO-TA narrowed to
2.92 Ev. While pure ZnO was known as a semiconductor
with a bandgap of 3.37 Ev [18]. The reduction of bandgap
due to the addition of TA indicates the character of the
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nanostructures as semiconductor with higher conductivity
performance. As mentioned in other research, which
reconnects the relationship between bandgap value and
electrical conductivity. However, while the role of TA in
modifying the electronic structure has been established,
other synthesis parameters such as temperature and
solvent type remain less systematically investigated. These
factors are known to influence nucleation dynamics,
crystallinity, and defect formation, which in turn affect
both the optical and electronic performance of ZnO-TA
nanostructures. Thus, despite progress in understanding
band gap modulation through TA incorporation, there is a
clear need to examine how synthesis temperature
specifically governs morphology, transparency, and
photoluminescence behaviour, ultimately determining the
suitability of ZnO-TA nanostructures for optoelectronic
applications. However, the influence of other parameter in
synthesising the ZnO-TA nanostructure such as
temperature and type of solvent may also effect on the
performance of the nanostructure.

The objective of this study is to investigate the influence
of synthesis temperature and TA incorporation under
controlled pH conditions on the morphological, chemical and
optical, and characteristics of ZnO nanostructures prepared
via a low-temperature hydrothermal green synthesis route.
While ZnO has been extensively studied for its wide band
gap and optoelectronic potential, most reports focus on
conventional synthesis methods or high-temperature
processes, with limited attention given to environmentally
benign approaches that integrate organic additives such as
TA. Furthermore, the interplay between synthesis
temperature, aggregation behaviour, defect-related
emissions, and transparency has not been systematically
correlated to the optical performance of ZnO nanostructures.
This gap highlights the need for a comprehensive analysis
that bridges morphology, absorbance, transmittance, and
photoluminescence, thereby establishing the optimum
synthesis conditions for achieving high-quality ZnO-TA
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nanostructures with enhanced optical properties suitable for
optoelectronic applications.

2. MATERIAL AND METHODS
2.1 Synthesising of the Nanostructure

Zn0O nanostructures were synthesized via a
hydrothermal technique with fixed mass of 0.5 g of zinc
powder (99.9% purity, analytical grade, R&M Chemicals,
Evergreen Engineering & Resources, Malaysia) was
dispersed in 100 mL of distilled water under continuous
stirring. Subsequently, 5 mmol (0.15¢g) of trisodium
citrate flakes (NasCsH507, 99.9% purity, analytical grade,
R&M Chemicals, Evergreen Engineering & Resources,
Malaysia) was added as a reducing agent, resulting in a
homogeneous white solution that was stirred
continuously at ambient temperature. For the tannic
acid-modified ZnO nanostructures (ZnO-TA), the
synthesis process was continued with the addition of
varying volumes of 0.1 M tannic acid (TA) to modulate
the pH. A 59 mM solution of TA (C76H52046, R&M
Chemicals, Evergreen Engineering & Resources,
Malaysia) was prepared in 1000 mL of distilled water and
subsequently added to the ZnO nanostructure solution.
In the process, 60 mL of TA was added to achieve pH 5.
The mixture was then transferred to a heating platform
enclosed within a vacuum chamber and maintained at a
minimum temperature of 50°C to enhance reaction
kinetics and prevent precipitation of the compounds [19—
21]. The solution was kept under stirring (800 rpm) and
allowed to cool to room temperature of 27°C. The
procedures are then repeated with two different
synthesis temperature of 70°C and 90°C. Following
synthesis, the samples were cooled to room temperature,
centrifuged, and rinsed multiple times with distilled
water before storage. A summary of the prepared
samples is presented in Table 1.

Table 1 — Summary of hydrothermal green-synthesized ZnO-TA nanostructures prepared under varying temperature during synthesis

Zinc Tannic  Acid Trisodium Distilled Water pH Reaction

Powder (TA) Citrate Temperature
ZnO-TA/ T50 5 ! 50°C
ZnO-TA/ T70 05g 60 mL (Onllg‘g) 100 mL 5 70°C
ZnO-TA/ T90 ' 90°C

2.2 Morphological Measurements

The morphological dimensions of the ZnO
nanostructures and ZnO-TA nanostructures were
analyzed using transmission electron microscopy (TEM,
LEO Libra-120 Zeiss, Germany). Samples for TEM were
prepared by depositing the suspension of the ZnO-TA
nanostructure solution onto a lacey carbon-coated grid
specimen holder, followed by drying under ambient
conditions for 24 hours. The TEM micrographs were
taken at various magnifications and subsequently
analyzed with Gatan Micrograph software.

The characterization of the elemental composition and
morphological structure of ZnO-TA nanostructures thin
films was conducted using high-resolution imaging and
compositional analysis. The surface topography was
analyzed through field emission scanning electron
microscopy (FESEM; Auriga, Zeiss, Germany),
functioning at an accelerating voltage of 5 kV. Elemental
analysis was performed using energy-dispersive X-ray
spectroscopy (EDX) integrated into the LSM880-FESEM
system (Carl Zeiss AG, Germany), which can achieve
magnifications between x50,000 and x100,000. The
sample were prepared with 2-3mL of ZnO-TA
nanostructure suspension was placed onto aluminium foil
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and dried into a powder on a heating plate, utilising a
glass layer to avoid direct thermal contact. This
procedure was uniformly implemented across all
samples. The dried powders were then affixed to pin
stubs before being placed into the FESEM chamber for
imaging and compositional analysis.

2.3 Optical Measurements

The optical characteristics of ZnO and ZnO-TA
nanostructures were examined through UV-Vis
absorption, transmittance and photoluminescence (PL)
spectroscopy. The optical band gap was estimated from
Tauc plots by plotting Av versus (ahv)? using the
absorption coefficient, focussing on the direct band gap
transition of ZnO. Photoluminescence spectra were
obtained to assess emission characteristics and defect-
related states. Distilled water served as the reference for
both UV-Vis, transmittance and PL measurements. The
testing solutions were formulated by combining 2 mL of
the ZnO nanostructure solution with 5 mL of distilled
water, which was then transferred into a rectangular
quartz cuvette for subsequent analysis. Consistent
methodologies were employed for both ZnO-TA samples
to guarantee a dependable comparison.

3. RESULTS AND DISCUSSIONS

3.1 Structural and Morphological Correlation

Transmission electron microscopy (TEM imaging as
shown in Fig. 3 (a) validates the successful formation of
ZnO nanorod structures which demonstrate a uniform
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one-dimensional anisotropic growth pattern. As indicated
in Fig. 1 (a), for ZnO-TA nanostructured of pH5 sample
synthesised at temperature 70°C, the nanostructure
evolved into elongated rods with a mean diameter of
74 + 3.2 nm and mean length of 150 + 15.1 nm, producing
a significantly higher aspect ratio of 2.36. This indicates
that TA molecules act as mild capping agents, selectively
adsorbing onto nonpolar planes and facilitating
anisotropic crystal growth through the controlled release
of Zn?* ions. The moderate acidity enhances the
chelation—deprotonation equilibrium of TA, promoting
the directional assembly of Zn—O coordination complexes
that serve as nucleation centers for nanorod elongation
[22,23]. While with different synthesizing temperature of
50°C used for synthesizing the ZnO-TA nanostructures at
pH5 (Fig. 1(b)), the mean diameter slightly increases to
87+ 2.45nm and mean length is 150 + 15.11 nm thus
reducing the aspect ratio to 1.72. This indicates, at lower
synthesis temperature, the axial growth of the
nanostructure slightly reduces resulting slightly lower
aspect ratios of nanorods. However, both ZnO-TA
nanostructure of pH5, showing TEM micrograph,
exhibiting similar morphology structure of nanorod with
the the mean diameter are still below 100 nm which
indicate a dimension that confers a high surface area-to-
volume ratio, thereby facilitating enhanced reactivity,
interfacial charge transfer, and overall material
performance. This increment of average diameter
attributed to the acidic conditions which significantly
impact the synthesis of nanomaterials by causing the
aggregation of the nanostructures and modifying the
surface charge and nanoparticle stability.
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Fig. 1 - TEM images of ZnO-TA nanostructures synthesized under different pH conditions. (a) (1) ZnO-TA synthesized at
Temperature of 70°C shows elongated rods with an enhanced aspect ratio, having (ii) an average diameter of 74 + 3.2 nm and (iii) a
length of 150 + 15.1 nm. (b) (i) ZnO-TA at temperature of 50°C with similar morphology of nanorod with slightly larger (ii) an average

diameter of 87 + 2.45 nm and (iii) a length of 175+ 11.1 nm
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On supporting the surface morphology analysis, FESEM
and corresponding EDX analysis was performed to examine
the surface features and elemental composition of the ZnO
and ZnO-TA nanostructures at 30,000X magnification.
FESEM analysis further elucidates the surface morphology
of the ZnO-TA nanostructures exhibit densely packed
nanorod arrays as indicate in Fig.2 (a), (b) and (c)
corroborating the TEM results and confirming that moderate
acidity supports directional crystal growth with enhanced
structural uniformity and retain the tetrahedral nanorod
morphologies. However, the introduction of TA promotes
noticeable aggregation and agglomeration, particularly at
synthesising temperature of 90 and 50°C. EDX analysis
further indicates Zn compositions of 35.85, 68.87, and
23.76 wt.% for samples synthesized at 90°C, 70°C, and 50°C,
respectively, while the corresponding O compositions are
27.57, 18.17, and 28.53 wt. %. In addition, the spectra reveal
the presence of C (35.85 —47.7 wt.%) originating from TA’s
phenolic groups, along with Al signals attributed to the
aluminum foil substrate used during analysis. From the
findings, agglomeration was more pronounced at the higher
synthesis temperature of 90°C, where rapid nucleation and
elevated surface energy drove particles to coalesce.
Aggregation and agglomeration were also clearly visible at
the lower synthesis temperature of 50°C, attributed to
limited adatom mobility and incomplete crystallization that
caused particles to cluster locally. In addition, significant
agglomeration was observed during the drying process of the
FESEM samples, as solvent evaporation induced capillary
forces that promoted particle clustering in the absence of
surfactants to reduce surface tension between nanostructure
[24,25]. The incorporation of carbon from TA partially
passivated the polar surfaces, subtly influencing rod growth
while preserving tetrahedral coordination and maintaining
the dominance of Zn and O composition, thereby ensuring
the structural purity of the nanostructures.

3.2 Absorbance Analysis and Energy Band Gap

The optical performance through the UV-Vis absorbance
spectra presented in Fig. 3 exhibit distinct changes in optical
response as a function of synthesizing temperature. The
optical response overall demonstrates strong absorption in the
400nm which is the range beyond blue visible region,
underscoring their potential for use as active layers
optoelectronic devices beyond UV application. As shown in
Fig. 3, ZnO-TA nanostructure synthesis in temperature of
90°C demonstrate the absorbance at the shortest wavelength
of highest wavelength of 413 nm, while as the synthesis
temperature reduce to 70°C, the absorbance red shifted to
481nm and red shifted to 428 nm as the synthesis
temperature reduce to 50°C. the trend are similar as in
morphological structure where synthesizing temperature of
90°C and 50°C exhibit red shifting in the absorbance spectra
thus confirm the influence of aggregation as it alters the
optical response by increasing Mie scattering and introducing
defect-rich grain boundaries. Besides, this clustering effect
also reduces exciton mobility and modifies local dielectric
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environments, allowing higher-energy photons to be absorbed
more efficiently at shorter wavelengths. Furthermore, the red
shifting attributed to several structural and morphological
factors, including nanorod structure which explain greater
aspect ratio and increased length of the nanorods weaken the
quantum confinement effect.

This shift reflects a reduction in optical band gap
energy, attributed to defect-state coupling and localized
electronic interactions induced by TA coordination on
ZnO surfaces. The result signifies enhanced electronic
delocalization and band structure modification associated
with the elongated nanorod morphology observed.
Importantly, these optical characterizations provide the
key insights into the electronic transition behavior and
defect-mediated processes within the ZnO and TA-
modified ZnO nanostructures, establishing a direct link
between morphological evolution and charge transport
mechanisms. The red-shifted absorption and reduced
band gap correlate with its enhanced electron mobility
and moderate carrier concentration, evidencing that TA-
induced surface passivation not only tailors’ optical
transitions but also suppresses charge-trapping defects.
The protonation enhances adsorption of TA onto ZnO,
increasing surface coverage and amplifying these
organic-associated optical features [26].

In agreement with the optical absorption trends, the
variation in band gap energy elucidates on the TA
incorporation, pH modulation, and morphological
evolution collectively influence the electronic transitions
and charge transport in ZnO nanostructures as shown in
Fig 4(a) and (b), Tauc plot analysis reveals that ZnO-TA
nanostructures synthesized at pH?5 exhibit slightly
higher direct band gaps in the range of 3.72-3.78¢eV.
Specifically, the direct band gaps measured were 3.72,
3.78, and 3.74 eV for synthesis temperatures of 50, 70,
and 90 °C, respectively. The slight increment observed at
70°C is attributed to morphological shifts that enhance
quantum confinement, thereby shifting both conduction
and valence band edges. The difference in the direct band
gap is considered significant as the value indicates a
shifting of the absorption and emission wavelength which
impacts the colour and efficiency of light emission and
substantially affect the optical and electronic properties
of the nanostructures [27,28]. From the Fig 4 (b), a slight
difference is also noticed between direct and indirect
band gap at 70 °C, the direct band gap measured 3.78eV
while indirect band gap is 3.76eV. Smaller deviation of
0.02eV suggest the introduction of phonon assisted
transitions which commonly associated with indirect
band gap characteristics. However, due to very minimal
difference implies that the nanostructures are influence

largely by the direct band gap semiconductor
characteristic. These findings collectively reveal the
optical and electrical responses of the ZnO

nanostructures are critically governed by the interplay
between protonation-induced surface chemistry and
morphology-driven quantum confinement.
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Fig. 2 — Surface morphology and elemental composition of d ZnO-TA nanostructures synthesized at varying temperature, (a)ZnO-TA
nanostructures/T90, (b) ZnO-TA nanostructures/T70 and (¢) ZnO-TA nanostructures/T50 display compact nanorods. EDS spectra
confirm Zn and O as principal elements with trace of C from phenolic group of TA and Al arises from the FESEM substrate

3.3 Photoluminescence and Transmittance

Analysis

In photoluminescence spectroscopy (PL) analysis as
per shown in Fig. 5, two distinctive types of luminescent
behaviour which is near band-edge (NBE) emission and

deep level (DL) emission play a crucial role in describing
valuable information about the nanostructure’s
properties [29, 30]. The less prominent peak (indicated by
a yellow line) in the spectrum is associated with NBE
while the prominent peak (indicated by a green line)
associated with DL emission. The influenced of
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temperature on the photoluminescence spectra of ZnO-
TA nanostructures are monitored with samples
synthesized at 50°C, 70°C, and 90°C exhibit notable
differences in emission peak positions and intensities as
illustrated in Fig. 5. At 50°C, the near band edge (NBE)
emission peaks at 486 nm, while the deep-level (DL)
emission is centred at 582 nm. For sample synthesised in
70°C, the NBE emission shifts to 474 nm with a DL peak
at 572 nm. Whilst, for sample synthesised in 70°C, shows
a broad emission peak of DL around 548 nm and NBE
emission slightly shifting to 468nm. In the same figure,
the PL emission intensities are compared across the
three temperatures. Quantitatively, the NBE: DL
intensity ratios were 1:14 for 50°C, 1:6 for 70°C, and 1:4
for 90°C, confirming that DL emission dominates in all
cases but is progressively suppressed at higher synthesis
temperatures. In lower synthesis temperature, the
nanostructures exhibit the highest DL emission with
NBE:DL ratio reflecting a high density of intrinsic
defects, likely oxygen vacancies and interstitial zinc due
to larger diameter rods increase the surface area prone to
defect formation [31]. Besides the additional carbonyl
group from higher atmospheric adsorption in lower
temperatures which introduces additional localized states
within the band gap and facilitates lower-energy
radiative recombination, thereby producing the red-
shifted DL emission [32].
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Fig. 3 - UV-Vis absorbance spectra of ZnO and ZnO-TA thin
films synthesized at varying temperature of 50, 70 and 90°C. it
was shown as the synthesis temperature increasing, the
absorbance reflected to shorter wavelength
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Fig. 4 — Tauc plot analysis of ZnO and TA-modified ZnO thin films synthesized at varying pH conditions, showing direct optical band
gaps of 3.72 eV (ZnO-TA/T50), 3.78 eV (ZnO-TA/T70), and 3.74 eV (ZnO/T90). The slight band gap narrowing at pH5 reflects
enhanced electronic coupling and defect passivation induced by TA coordination, consistent with improved charge transport behavior.
The indirect band gap reflect similar values except of ZnO-TA/T70 with indirect bandgap of 3.76 eV
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Fig. 5 — Normalized room-temperature photoluminescence (PL)
emission spectra of ZnO-TA nanostructures synthesized at pH5
under different temperatures. The black peak corresponds to ZnO—
TA nanostructures synthesized at 90°C, while the red and blue peaks
correspond to those synthesized at 70°C and 50°C, respectively

A comparative analysis was conducted on the
transmittance spectra of both ZnO and ZnO-TA
nanostructures. Fig. 6 display good optical transmittance
of colloidal dispersion for ZnO and ZnO-TA nanostructure
within the range of 70% to 80% within wavelength of
250 nm to 600 nm with distinct absorption at the band
edge 280 to 380 nm. It is important to mention that the
transmittance percentage value is better compared to
previously published pure ZnO nanostructure without
any doping [33, 34]. For ZnO-TA nanostructure of pH5,
the transmission values obtained are 75%, 79% and 71%
for sample synthesis at temperatures of 50°C, 70 and
90°C, respectively. It was noticed, sample synthesis in
temperature 70°C reflecting to nearly excellent
transparency. This high transmittance indicates reduced
scattering and uniform nanorod alignment, allowing
efficient passage of visible light and highlighting the
suitability of the nanostructure for optoelectronic
applications requiring transparent active layers. Besides,
the transmittance percentage increase significantly with
the introduction of TA due to the morphological
characteristic. Besides, the clear correlation was observed
as ZnO-TA sample are having slightly higher bandgap
due to reduces defect-related tailing, exhibit higher
transmittance percentage attribute from optical
transitions allowed more visible light to pass through.
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Fig. 6 — Transmittance analysis of ZnO-TA nanostructures
synthesized at different temperatures, demonstrating good
optical transparency across all three conditions. Notably, the
sample prepared at 70°C exhibits nearly excellent transparency,
reaching up to 79%.

3.4 Chemical Analysis

The FTIR analysis further consolidates the optical
behaviors previously discussed, elucidating the interfacial
chemistry that governs charge transport and electronic
transitions within the ZnO-TA nanostructures. As shown
in Fig. 7, the ZnO-TA nanostructure exhibits main
stretching around 750 — 900 cm -1 was referred with the
presence of ZnO nanostructures [35-37]. Besides, broad
peak stretching was observed attribute the hydroxyl
bonding due to dehydration for sample synthesis in all
three temperatures was relatively within a similar range
of 3200 to 3300 cm -1 [38, 39]. The samples synthesized at
all three temperatures exhibit nearly similar peak
stretching, indicating comparable compound composition;
however, a noticeable difference is observed in the
fingerprint region (pink shaded region), where the
number of stretching vibrations increases within the
range of 1070 and 1700 cm-! with synthesising
temperatures of 50°C and 90°C accordingly. This attribute
to higher concentration of group O-C-O bonding, C=0 and
C-O bonding which also refers to carbonyl group
characteristics which refer to higher atmospheric
adsorption during the synthesising of the sample under
vacuum conditions. [40—42] The lower temperature of
50°C reflects to longer time of synthesising which caused
more atmospheric adsorption to occur. While a higher
temperature of 90°C was nearly reaching the boiling
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temperature, resulting the solvent molecule (distilled
water) on having enough energy to overcome the
intermolecular forces and transition from the liquid phase
to the gas phase and increase of kinetic energy enhancing
the collision and adsorb into surfaces of atmospheres [43].

286 Zn0O-TA Nanostructures

2056

260 4 TA

2344

Transmittance (%T)
3 @ o = B
= [a=) o o [s5)

1 1 1 1 1

-~
(==}
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w
)
1

T T T T T T T
1000 1500 2000 2500 3000 3500 4000
Wave number (cm-1)

Fig. 7 FTIR analysis of ZnO- TA nanostructures synthesis at
pH 5 with different synthesising temperatures, highlighting Zn—
O stretching and O-H vibrations in pristine ZnO and the
emergence of aromatic C=C and carbonyl (C=0) bands

4. CONCLUSION

In  summary, ZnO-TA nanostructures were
successfully synthesized under controlled pH conditions
and varying synthesis temperatures. The morphological
analysis through FESEM and TEM revealed that TA
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Bruiue remmeparypu CHHTE3y HAa ONTUYHI XapaKTepucTuKu HaHOCTPYKTYpP ZnO-TA nia

OIITOCJIEKTPOHHUX 3aCTOCYBAaHb

Aqilah Kamaruzaman!2, Nurul Akmal Che Lah!

L Faculty of Manufacturing and Mechatronic Engineering Technology, University Malaysia Pahang Al-Sultan
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Ile mocmimxeHHs Mae HA MeTl KOMILIEKCHE BUBYEHHS CHHTE3y Ta OITUYHOI XapaKTEePUCTUKUA HAHOCTPYKTYD
ZnO-TA, orpuMaHUX HU3BKOTEMIIEPATYPHUM TiIPOTEPMAJIPHUM 3€JIEHUM METOJIOM 33 KOHTPOJIbOBAHMX YMOB
pH. Bruus remneparypu cunTe3y 0yJI0 CHCTEMATHYHO JOCIIKEHO, 0 TOKA3aJI0 YITKUN BILJIUB HA MOPQOJIOTI,
KPHUCTAJYHICTD TA ONTUYHY MOBeMIHKY. CTPYKTYpHMI aHAJI3 MIATBEPAUB HAABHICTh HAHOCTEPIKHIB J1aMeTPOM
menmre 100 HM, Toal K Bapiailis TeMIIepaTypu BH3HAYAJIA arperarfiio Ta BiAMIHHOCTI y CIIIBBIJHOIIEHHI CTOPIH
vepes INBUIAKE 3apPOMKeHHs, INIBUINEHY [IOBEPXHEBY €HEpPrilo Ta HemoBHy Kpucrasidamio. Omrmumi Ta
oTOIOMIHECIIEHTHI JOCIIIKeHHS IIOKA3AJIH, 110 IIPOMIKHI YMOBH CHHTE3y 3a0e3IIeUyIoTh Kpallly IIPO30PiCTh,
CIPHUST/INBI XapaKTePUCTUKN IMUPUHU 3a00poHEHOI 30HW Ta 30ajaHCOBaHY eMicilo JedeKTiB IOPIBHSHO 3
eKCTPEeMAaJIbHUMU TeMITepaTypaMu. ¥ CyKyITHOCTI ITi pe3yJIbTaTtu BusHadyaoTh 70°C ik ONTUMasIbHy TeMIIEPATyPy
CHUHTe3y 3 MalsKe 17eaJbHOI0 IIPO30PICTIO, MPO IO CBIIYMTE IIPOIYCKAHHS, IO Jocsrae 79%, y IoeqHaHHI 31
CIPHUSTIINBOI0 IITHPUHOI0 IpsiMol 3abopoHeHOi 30HH, 1m0 mpomoHye HaHOocTpykTypn ZnO-TA 3 moxparmerHumm
ONTUYHUMH XAPAKTEPUCTUKAMHU Ta IO3UIIOHYe iX SK IEePCIeKTUBHUX KAHAWIATIB IS ONTOEJEeKTPOHHUX
3aCTOCyBaHb, TAKUX SIK (POTOAETEKTOPH Ta CBITJIOBUIIPOMIHIOBAJIBHI IIPHUCTPOL.
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